Supplementary Information Text

Materials and Methods
Line acquisition, maintenance, and preliminary experiments.
We obtained the lines used to generate hybrid populations either from collecting from natural populations (9 species), donated (6 species), or purchased from the San Diego Stock Center (20 species). Details of the origin of each line are presented in Table   S2 . We maintained all these lines on standard cornmeal/Karo/agar medium at 24ºC under a 12 h light/dark cycle. Each line used to generate hybrid populations was a nearly isogenic line that we generated by rearing the progeny of a single inseminated female and inbreeding those progeny (by performing brother-sister matings) for ten generations.
Given the high likelihood of collapse of these lines because of inbreeding depression, we made 40 lines per species. The goal of this breeding scheme was to purge as much heterozygosity as possible to make sure that no potential polymorphism for mating choice-which would confound our results-had been retained. We tested whether this inbreeding procedure resulted in reproductive isolation from other non-inbred lines of the same species of the original outbred population. The measurement of behavioral RI was done following refs (1, 2) using colored-abdomen flies. Briefly, after the 10 generations of inbreeding, stocks were expanded in 200 mL bottles with cornmeal food for two generations. After 3 generations, we had three bottles per stock. One hundred and twenty flies were then collected from these bottles as virgins and were kept in sex specific vials for four to ten days. The night before the mating, females and males of the two sexes were transferred to food saturated with either blue or red food color (McCormick Culinary Food Color, Hunt Valley, MD, USA; 46). The color the flies were assigned to was random but always differed between the inbred and outbred stock. In the morning of the mating, and within one hour of lights coming on, 100 inbred females, 100 inbred males, 100 stock (outbred) females, and 100 stock males were mixed together without anesthesia. Flies were allowed to mate for 45 minutes after which flies were lightly anesthetized and copulating pairs were counted. We then calculated the I PSI statistic (3) to determine whether in any case there was assortative mating induced by the inbreeding.
Inbreeding did not lead to assortative mating in any of our comparisons (Table S3) .
Another possible confounding effect to hybrid trait or recombinational homoploid hybrid speciation is the presence of endosymbionts that affect reproductive isolation between species (4). We tested for the presence of Wolbachia and Spiroplasma endosymbionts, in each line used to generate populations of hybrids, using previously designed PCR markers (Wolbachia (5) and Spiroplasma (6) ). None of the lines in this study carried Spiroplasma and only two of them (the D. sechellia line and the D. teissieri line) did not carry Wolbachia (Table S4 ).
Generation and maintenance of hybrid populations
Once the stocks in shown in Table S1 were selected, we generated hybrid populations as illustrated in Figure S1 . In total, we produced over 20,000 hybrid populations. The design for 26 of these species pairs was identical. In these species pairs, F1 females are fertile in the two reciprocal directions. First, we generated 500 fertile F 1 hybrid females (from each direction of the reciprocal crosses) by crossing at least 1,000 males from each parental species to 500 females from each parental species in a large (8.75 cm ´ 14.8 cm) oviposition cage (Genesee Scientific, USA; Cat # 59-101). We then crossed at least 450 of these F 1 females (from each direction) with 1,000 males from both parental species also in an oviposition cage. Each cage used to produce the backcrossed individuals had the two reciprocal genotypes of F 1 females and males from the two parental species (at least 3,000 flies, aspirated from the cage and counted in batches of approximately 200 flies). This results in backcrossed females that tend to be fertile and some fertile males (fertility tends to increase with each generation of backcrossing). The only exception to this general approach was in the cross: F 1 mel/sim, where backcrossed males are sterile. In this case we backcrossed F 2 females to the two parental species (see below.) Backcrossed individuals (males and females) were then allowed to interbreed and maintained in large populations (>2,000) in large oviposition cages for two generations.
The food source of these cages was cornmeal food and yeast on petri dishes. Larvae were provided a pupation substrate (Kimwipes, Kimberly Clark, USA). Cages were closely watched specially during the first three generations of admixture as the majority of males from these crosses are sterile. Cages were monitored such as they always had at least 5,000 individuals. On generation 3, we subdivided these populations into 120 independent replicates in such a way they had at least 10 females and 20 males. Every 14 days, adults were removed from the bottles and the resultant progeny were transferred to new cages containing fresh food. This procedure results in non-overlapping generations.
After 10 generations of admixture (240-550 days depending on the species pair), one female and two males were placed in an 30mL plastic vial with yeasted corn-meal food and allowed to produce progeny. The progeny of these trios are the individuals that we used for all mating assays.
Hybrid swarms between D. melanogaster and D. simulans required a special crossing design because, between wild-type strains of these two species, the female progeny is sterile and the males are inviable. We used a D. simulans mutant line (C167. 4) whose females produce weakly fertile hybrid females when crossed to D. melanogaster males (7, 8) . The hybrid males from this cross are sterile. This constraint meant that we could only use one direction of hybrid females (F 1 (D. melanogaster ´ D. simulans C167.4). Additionally, backcrossed males from this cross are sterile. Backcrossed females were mated with the two parental species. The resulting females and males from this second round of backcrossing were weakly fertile. All other aspects of this cross were as described in the preceding paragraph.
Intraspecific swarms
We also generated 400 populations from 16 unique intraspecific crosses (Table   S5 ) as controls to test whether our crossing / maintaining procedure could result in the evolution of RI, rather than hybridization per se. The procedure to generate the swarms and to measure RI was identical to that described above ("Generation and maintenance of hybrid populations") and in the main text (Materials and Methods: Measuring assortative mating).
Analyses
Two experiments had slight variations in their design to the primary experiments reported in the main text ('Materials and Methods: Measuring assortative mating'). First, the experiment where we tested whether hybrid populations showed reproductive isolation from other hybrid populations contained 500 individuals total: 100 hybrid females, 100 hybrid males, 100 hybrid males from a different hybrid population, and 100 males of each of the two parental species. We used an additional green dye in the two experiments containing four male genotypes. Second, in the experiment we conducted that tested whether hybrid populations that were the result of crossing three parental species ('triparental' hybrid populations; described in the section "Supplementary Experiment 3:
RI in tri-parental hybrid populations" below) were more likely to evolve assortative mating than those derived from two parents, we combined the same numbers as described above, with the addition of 100 males from the third parental species (individuals per trial = 500). Both of these experiments are explained in detail below.
Supplementary Experiment 1a: Assessing the Stability of RI.
We estimated the stability of RI in a subset of 635 admixed populations between the 11 th Figure 2 ). We also tested whether the 14 populations that lost RI between the 11 th and 16 th generation tended to be populations generated between parents with low levels of genetic divergence. We found no evidence that the likelihood of hybrid females losing their preference for hybrid males was affected by levels of genetic divergence between their parental species (Spearman's ρ = -0.26; P = 0.26). Together with the results on the strength of RI presented in the main text, this analysis shows how RI present within the admixed populations reported here is both strong and stable.
Supplementary Experiment 1b: Correcting for phylogenetic non-independence.
Nineteen of the twenty-seven species pairs we used to generate hybrid populations were non-independent due to either the same species being used in more than one unique cross type, or phylogenetic non-independence as a result of two unique cross types sharing at least one branch in the Drosophila phylogeny (Table S8 ). The remaining eight unique cross types were independent. To test whether pseudo-replication due to non-independence between some of our cross types influenced our results, we carried out the same analyses as described in section 1.5.1 above on each of the 864 unique groups of independent crosses possible given the number of non-independent groups listed in Table S7 to test the relationship between parental divergence and the strength of RI between hybrid populations and their parental species. We then determined the best fit model using AIC. We retained the simplest model with an AIC within 2 of the minimum AIC observed across all models for a given phylo-indep data set.
After correcting for phylogenetic non-independence we found that the highest proportion of hybrid populations evolved RI when their parental species had intermediate levels of genetic divergence ( Figure S6 ), consistent with the result when we analyzed the complete data set ( Figure 1 , main text). The relationship between the proportion of hybrid populations that evolved RI and levels of parental divergence was best explained by a 3 rd degree polynomial model in 137 of the 864 phylo-indep data sets (15.8%; Figure S6A ), a 4 th degree polynomial in 147 data sets (17.0%; Figure S6B ), a 5 th degree polynomial in 330 data sets (38.2%; Figure S6C ), and a 6 th degree polynomial in 250 data sets (28.9%; Figure S6D ). While there was variation in the specific function that best fit each phyloindep data set, this analysis is consistent with that presented in the main text: namely, that there is a non-linear relationship between parental divergence and the probability that a population of hybrids evolve behavioral isolation from their parental species.
The strength of RI that evolved in hybrid populations showing evidence of assortative mating also was affected by levels of parental divergence, however the result was less consistent across phylo-indep data sets ( 
Supplementary Experiment 2: RI between hybrid populations.
We selected 5 hybrid populations from both the D. paulistorum "Orinoco" ´ D.
paulistorum "Amazon" and D. yakuba ´ D. santomea cross types that showed evidence of RI from their parental species and tested whether they also have RI from other hybrid populations derived from the same cross type (Table S9) . We carried out 40 replicate mating trials, for each pairwise comparison between the five hybrid populations of each parental type (including a control comparison, 40 replicates ´ 25 comparisons ´ 2 parental types = 2,000 trials total), that consisted of 100 females from a focal hybrid population, 100 males from their same population, 100 males from a second hybrid population, and 100 males from both their parental species. For each focal population, of each species, we modelled the proportion of females that mated with males from their own population, relative to the number mating with hybrids from the second hybrid population, (i.e. the binomial outcome of either choosing a hybrid male from their same population or the novel hybrid population) as a function of the hybrid male populations that were combined in a given mate-choice trial (N = 25 total combinations, including a control where two groups of 100 males from the focal female's same population were tested). We focused on four pairwise comparisons -for each of the 5 focal populations, for each of the two species pairs -between control trials and those where females were given the choice between mating with males from their own population or hybrid males from another population (Table S9) . Specifically, we asked whether females mated with a larger proportion of males from their own population compared to novel hybrid males with Tukey's pairwise contrast. For this analysis we deemed females as showing significant discrimination against novel hybrid males at α = 0.01.
Supplementary Experiment 3: RI in tri-parental hybrid populations.
We generated 400 hybrid populations for each of three different tri-parental crosses (Table S14 ). The conditions to generate these swarms were similar to those used to generate biparental swarms. Each tri-parental cross is the result of combining 500 F1
females from each of three parental species with 1,000 males from each of three parental species. There were six type of F1 hybrid females (3 crosses ´ 2 reciprocal directions) and three types of pure species males. These genotypes were allowed to admix in large cages (>1,000 individuals) for three generations. After that point, we subdivided these populations into 120 replicates in such a way they had at least 20 females and 40 males.
The procedure was identical to that followed for biparental swarms.
The three types of tri-parental hybrid population we generated were the result of 
"Andean" crosses. For the yakuba and simulans clades we had previously generated 400 bi-parental hybrid populations from each of the three different cross types (see above).
We carried out analyses comparing tri-parental populations to these bi-parental populations as described below.
We first determined whether a tri-parental hybrid population showed evidence of evolving RI from each of their parental species as described in section 1.5 "Analyses".
We then compared the proportion of tri-parental populations that evolved RI to that of their related bi-parental populations. Specifically, we modeled the evolution of RI as a binomially-distributed function of the type of hybrid population being considered (fixed effect: 'tri-parental" or "bi-parental") and the random effects of species-group (willistonigroup, yakuba-group, or simulans-group) and population nested within species-group.
We tested whether the type of hybrid population (i.e. tri-parental or bi-parental) had a significant effect on the proportion of hybrid populations that evolved RI using a LRT that compared the model described above to one with a constant slope (i.e. fixed-effect = 1). Models were fit using the glmer() function of the lme4 R package (9) and compared using the base function anova().
Simulating selection against mixed ancestry in populations of hybrids
We carried out forward-time population genetic simulations using functions contained within the simuPOP environment (10) . We developed these simulations to reflect the specific experimental conditions under which our hybrid populations were generated and maintained. Specifically, populations consisted of 2,000 individuals and were initiated with an equal number of males and females. Half of the males were homozygous for parent-species 1 (P1) ancestry and the other half were homozygous for parent-species 2 (P2) ancestry. Half the females were F1 hybrids derived from one direction of the parental cross and the other half were F1s from the other direction of the cross. We then simulated random mating in non-overlapping generations for 10 generations for 500 replicate populations for each combination of genetic architecture and selection described below.
For our first simulation experiment, the genome of each individual was composed of 1,000 loci with a recombination rate of 0.001 between adjacent loci. This genetic structure represents a single Drosophila chromosome approximately 100 cM long and was used to test how selection against mixed ancestry within networks of interacting loci would affect the distribution of ancestry along chromosomes segregating in populations of hybrids. As such we simulated selection against mixed ancestry under five different genetic architectures: (1) two independent loci, (2) two networks containing two interacting loci loci, (3) two networks containing 10 interacting loci each, (4) two networks containing 20 interacting loci each, and (5) an 'omnigenetic' architecture (11, 12) where every locus on the chromosome (N = 1,000) was subject to selection against mixed ancestry. For architectures other than the 'omnigenetic' architecture, loci within each network were randomly selected from the 2,000 loci, with the potential for the same locus to be involved in each network. Selection acted against mixed ancestry such that relative fitness (w) was a multiplicative function of minor ancestry and w = (1-s)
where s is the per-locus selection strength and n1 and n2 are the number of minorancestry alleles in each network (or across all loci in the case of the omnigenetic architecture). For each of the five architectures described above we simulated different per-locus selection strengths such that the relative fitness of F1 hybrids was 0.6, or 0.4, as well as the case where there was no selection against mixed ancestry. We used increasing selection against mixed ancestry (i.e. decreasing hybrid fitness) as a proxy for the prediction that with increasing genetic divergence we expect an increase in the number and strength of genetic incompatibilities (13) (14) (15) . For each genetic architecture and selection strength we simulated 500 replicate populations of hybrids. Finally, we carried out a parallel set of simulations where the only difference was that the two 'networks' of loci were located on separate chromosomes. This scenario results in the same fitness effects in hybrids, but loci subject to selection are less aggregated across the genome and each network is composed of completely independent loci.
We calculated average ancestry across loci subject to selection in each replicate simulation after 10 generations of evolution to determine how selection could influence the evolution of ancestry within our experimental populations. Results from these simulations are presented in Fig. S8 .
Supplementary Results.
Intraspecific control experiment.
We tested whether behavioral isolation in admixed populations was due to the laboratory conditions of our experiment, rather than interspecific hybridization per se, by generating 6,000 intraspecific admixed populations by crossing different isofemale lines for each of 15 species ('within species crosses'; N = 400 populations per parental cross; table S5). Using the same criteria used to assess BI for hybrid population (described in the preceding paragraph), we did not observe a single instance of BI (χ 2 : all P > 0.01),
indicating that the BI observed in admixed populations was the direct result of hybridization and not of our experimental conditions. Figure S1 . Crossing design used to generate admixed hybrid populations. We first crossed a given pair of species (herein referred to as the parental species; Step 1). We then backcrossed F1 females to males of both of the parental species (Step 2). The resultant progeny were allowed to breed for 10 generations (Step 3), resulting in admixed hybrid populations (Step 4). We generated ~400 proportion evolving RI Figure S3 . Behavioral isolation between hybrid populations and their parents. Results are as presented in Figure 1 of the main text but with using a cut-off of α = 0.001 to define an admixed population as showing evidence of assortative mating. . By contrast, a second (B) and third (C) degree polynomial provided the best fit to the data in a minority of cases (4 and 88 data sets, respectively). Figure S9 . Correlation between Nei's D and divergence at synonymous sites between species of the melanogaster species subgroup where both types of divergence estimates exist (data previously published in ref. (17)). Red points represent species pairs were viable offspring can be produced and were used in this study. . Ancestry tends to evolve to be biased towards one parental species after 10 generations of evolution when hybrid fitness is low (i.e. there is stronger selection against mixed ancestry), selection is concentrated on fewer loci (compare colors within figure panels), and when loci interacting within 'networks' are located on the same versus different chromosomes (panels B and A, respectively). Ancestry bias was calculated as the mean enrichment in alleles coming from one parent species over the other at loci subject to selection against admixture. Architecture describes the loci subject to selection during simulations: e.g. 2 ´ 1 represents two independent 'networks', each containing a single locus that is subject to selection against mixed ancestry, 2 ´ 10 represents two networks each consisting of 10 loci subject to selection against mixed ancestry. These simulations were used to illustrate a potential mechanism explaining the pattern that mate preferences in hybrids produced by parental species with high levels of genetic divergence tend to be biased towards preferring one parental species over the other (see Figure 1C in main text). Species from the D. paulistorum species complex are abbreviated as 'pamazon', 'pandean', and 'porinoco'. Table S4 . Infection status of lines used in this study. Table S8 . Groups of non-independent pairs of parental species used in our experiment. Table S9 . Details of experiment 2: RI between hybrid populations. Hybrid populations are indicated by numbers. Columns starting with "Sum" give the total number of matings that occurred for each type of male: P1 = parent 1, P2 = parent 2, hyb1 = hybrid population 1, hyb2 = hybrid population 2. 
Fly stock Spiroplasma Wolbachia
americana_col - + ananassae - + arawakana - + athabasca_EA - - athabasca_WN - + biauraria - + bogotana - + guanche - + hydei - + lacicola - + lummei - + mauritiana - + melanogaster - + mojavensis - + neohydei - + pamazon - + pandean - + porinoco - + pseudoscura - + santomea - + sechellia - - similis - + simulans - + teissieri - - texana - + texana_inverted - + triauraria - + virilis - + yakuba_coll - + yakuba_inv - + zimbabwe - +
